In a case-control study 27 index children from ordinary schools who had had convulsions or apnoea as a complication of whooping cough about eight years previously were compared with 27 children who had never had whooping cough and 15 who had had whooping cough without complications. Other factors likely to cause intellectual impairment after conception were considered. The index group had a significantly lower median intelligence quotient and poorer school attainment than either of the control groups.
Introduction A large epidemic of whooping cough in West Glamorgan, south Wales, during 1977-9 was studied.' Subsequently follow up studies were carried out on children who were under 5 years of age at the onset of whooping cough during this epidemic. 2 The purpose of the present follow up study, seven to eight years later, was to investigate the hypothesis that certain serious complications of whooping cough may be associated with subsequent intellectual impairment in some children. Of 1500 children who were under 5 when they had whooping cough in the epidemic, 34 (2%) had apnoea, convulsions, or encephalopathy as a complication. One of the two children with encephalopathy died during the illness, and the other developed a complete tetraplegia and severe mental retardation; he was not included in this study. A child who had apnoea had left the country, leaving 31 children for possible inclusion in the index group.
Methods
We defined whooping cough as severe and distressing paroxysms of coughing, each occurring in the same breath and often ending in a characteristic whoop or vomiting, or both. The attacks are usually worse at night and the illness lasts from three to 12 weeks ormore. Apnoea may follow a severe paroxysm of coughing when the child would normally be expected to take a deep breath, often accompanied by the characteristic whoop. Instead, the child stops breathing for periods lasting one minute or longer and becomes deeply cyanosed.
Report compiled by Dr Of the 31 children, 27 had had apnoea and four had had convulsions for the first time during the attack of whooping cough. Each child was matched with two others by age, sex, and social class3 and the same class in school, one control having never had whooping cough (control group 1) and the other having had whooping cough but none of the named complications (control group 2). The age of each control did not differ by more than four months from that of the index child.
As a result of our strict method of matching, in only 27 cases could we obtain a matched control who had not had whooping cough (control group 1) and in only 15 cases a control who had had whooping cough but none of the complications (control group 2), leaving a total of 69 children studied. The four children for whom no controls could be obtained were excluded from the study. Two were severely mentally subnormal and two came from such small schools that an age match was not possible. The final index sample thus comprised 27 children. Although this may seem a small sample it included nearly all the possible cases among the 1500 children who had had whooping cough; 17 of the 27 (63%) had bacteriological confirmation of the diagnosis.
Parents of an index or control child were first visited by the two researchers, a doctor (WOW) and an educational psychologist (BJ). One questionnaire was completed about the health ofthe child and the family and another about the child's education and behaviour.
Other possible causes of intellectual impairment that had occurred since conception were also considered. Details of the mother's pregnancy, her confinement, and the condition of the child at birth (including birth weight and Apgar score) were obtained from the relevant hospitals. A detailed medical examination was carried out at school followed by a comprehensive examination ofthe current psychological and educational state ofeach child. This was carried out with carefully selected tests and questionnaires appropriate for use with children in the age range of the sample (6 years 8 months to 11 years). Wilcoxon's matched pairs signed ranking test was used to examine the hypothesis that no significant differences would be found in intelligence quotient (IQ), educational attainment, or behaviour between the index cases and control group 1 (27 pairs) and the index cases and control group 2 (15 pairs). In all analyses the two tailed significance values are quoted because it was thought that a prediction of direction was not justified. The British ability scales were used to calculate IQs.
Results
The mean age ofthe total sample of69 was 8 years 4 months, with 43 ofthe children (62%) mi the range 7 years to 8 years 11 months. More children in control group 1 (12; 44%) than in the index (3; 11%) group were first born. The groups were well matched for household size. Most (85%) ofthe parents had left school at the minimum school leaving age.
PREGNANCY AND CONFINEMENT
The mean age of the mothers at the time of confinement was 26 years (range 16-34 years), and there were no significant differences among the three groups.
There were no apparent differences between the index children and control group 1 in the number of mothers who had suffered from any illnesses during pregnancy (table I). None of the illnesses were serious, and they were not of types known to affect the fetus. Twenty (74%) of the index children had been born at full term compared with 23 (85%) in control group 1. The confinement had been normal in 24 (89%) of the index children and 21 (78%) in control group 1. Four in the index group (12%) and three (11%) in the control group 1 had been born prematurely. The Apgar scores (all measured at about five minutes after birth) of the premature children in these groups were 7 or over. The only breech delivery was a child in the index group who had an Apgar score of6 and was now normal in intelligence and school attainment. Six children had been born by caesarean section, all with Apgar scores of 7 or above, except for one child in control group 2 who had had a score of 5 but who was now functioning at a level appropriate for age.
CLINICAL HISTORY
There was no evidence of any serious reaction to any vaccine given to the children. Only three (11%) of the index children and two (13%) in control (85) 13 (87) Badly jaundiced 1 (4) 2 (7) 1 (7) Baby in incubator 1 (4) 2 (7) 1 ( against control groups 1 and 2 separately, and table IV shows the attainment scores set out in the same way. In all individual scales of the British ability scales the index group had lower median scores than control group 1, but the differences were significant for only three of the 10 scales used: the non-verbal reasoning scale (p=0013), the recall ofdesigns scale (pl-0011), and the word definitions scale (p=0'003) (table III) . The index group achieved significantly lower median scores than control group 1 for reading (p=0 008), comprehension (pt=0-002), and spelling (p=0 025). The median score for the index group was lower on the arithmetic test (p=0 103), but this result was not significant. The median scores of control group 2 were also higher than those of the index group, but reached significance only for reading (p=0036) and comprehension (p=0 030) (table IV). In both the vocabulary and arithmetic tests all the groups' median scores were below the normal for their chronological age, but the index group's scores were below the normal for chronological age in all the tests (table V) . In the Bender gestalt test control group 1 achieved a higher mean score (p=0-021) and a higher test age score than the index group (p=0 010). Analysis ofthe overall scores using the Bristol social adjustment guide showed no significant behavioural differences among the groups. No differences were identified in IQ or attainment between children with and without asthma. The Mann-Whitney test was used for this analysis because ofthe wide variance of individual scores. Analysis of the mean scores for those with and without a history of convulsions showed no significant difference in IQ (p=0 114, MannWhitney test), but the children with no history of convulsions had higher scores for attainment and the results were significant for reading (p=0 01 1), comprehension (p=0040), mathematics (p=0 028), and spelling (p=0'035). The result was not significant for vocabulary (p=0-331).
Apnoea had occurred in 23 of the index children, one of whom had also had a convulsion at the end of an attack. Nine (39%) of these children achieved IQs of less than 90 compared with an expected 25% in the normal population.' The remainder of the apnoeic children (61%) achieved IQs between 90 and 10, compared with an expected 50% in the normal population. None of the apnoeic children reached an IQ above 110, however, the expected proportion in the normal population being 25%.
SCHOOL FACTORS
Of the 27 index children, 13 (48%) were either receiving or about to receive remedial help at school, compared with three (20%) in control group 2 and three (11%) in control group 1. Attendance records in the schools showed no significant differences among the three groups, although a higher number of absences was recorded for the index group; the differences were not significant. The parents of 37% of the children in the index group thought that their child was performing below average compared with 20% in control group 2 and none in control group 1.
Discussion
The possible adverse effects of the complications of whooping cough, particularly the occurrence of long term respiratory or neurological sequelae, have been widely reported.6'4 None of the studies, however, are contemporary, and all predate the widespread use ofvaccine and antibiotics. The most up to date studies are those of Butler et al in 1982" and Johnston et al in 1985. 16 Butler et al used data from the 1970 child health and education study and found that children who had been admitted to hospital with whooping cough had lower scores in a range of educational tests at 5 years of age." Johnston et al found no evidence in IQ or reading attainment in a case-control study of 316 children who had had whooping cough and 711 controls who had not. '6 In our study of children who had either apnoea or convulsions after an attack of whooping cough the index group had a significantly lower median IQ and poorer attainment score than the children who had not had whooping cough, although no significant behavioural differences were identified.
These differences may have been due to apnoea or fits, or both, or to some other factors. Possible causes during the mother's pregnancy and confinement have already been excluded. There were many more first born children in the group who had not had whooping cough (control group 1), and educational studies have shown that first born children have a socioeducational advantage over later siblings. First born children, however, have less opportunity of getting whooping cough because they have no siblings to bring the infection home. We would expect caring parents of whatever social class to have had their children immunised, but the opposite may have been the case with pertussis. Some caring parents may have taken notice of the adverse publicity given to the vaccine in the media after 1974 and decided not to have their children vaccinated. A survey carried out by this unit in 1976 showed that among a national sample of 100 general practitioners a third were advising parents against pertussis-vaccination. This change in the attitudes ofdoctors and parents resulted in a drop not only in pertussis vaccination but also in vaccinations against other diseases, including measles.
Recurrent otitis media can interfere with a child's schooling either by causing absenteeism or because of difficulties with hearing. In a study of the respiratory sequelae of whooping cough children who had had whooping cough were compared with those who had not. Hospital adnmissions for, otitis media, deafness, and removal of tonsils and adenoids were the. same in the two groups before the attack of whooping cough but were significantly more common in the index group after the attack.2 Although more patients in the index group gave a history of hearing difficulties, we did not find evidence ofany hearing difficulties that might seriously have affected the child's schooling either in the history or on clinical examination.
Convulsions were more common in the index group before the attack ofwhooping cough than in control group 2, but the number's were too small for statistical comparison -and should be interpreted with caution. Only one of the children in the three groups had recurrent convulsions needing anticonvulsant drugs. This child started having convulsions for the first time during the attack of whooping cough and continued having fits for a year after recovery from the illness. At 10 years of age he was functioning intellectually at only the 5 /2-6 year range. Recurrent convulsions would be more likely to result in intellectual impairment than one isolated febrile convulsion. Two other children who had convulsions for the first time during the attack of whooping cough were also functioning below average in intelligence and attainment, though another child seemed to be ofaverage ability. It is difficult to be-certain with such small numbers whether a child with a history ofconvulsions is more likely to get a worse attack of whooping cough. Two children not included in this study, however, who had a history of recurrent convulsions had an encephalopathy during the attack of whooping cough; one died and the other survived, but with a complete tetraplegia. The child who died had been born with a meningocele.
Some of'the children'who had whooping cough and who also had other factors may have been born with genetic disadvantages, but this should not obscure the fact that convulsions and apnoea in themselves are serious complications that may result in brain damage due to cerebral anoxia. Such injury to the central nervous system may lead to intellectual impairment and learning difficulties.17-21 Some children may develop more minor degrees of cerebral damage that will be recognised only at school. A convulsion during an attack of whooping cough could be due to cerebral damage caused by fever, anoxia, or cerebral haemorrhage; true encephalitis is probably rare. Electroencephalography carried out on 31 infants in a Leningrad hospital, all except five of whom had moderate to severe whooping cough without clinical evidence of disease of the central nervous system, showed that three of the children had focal changes that persisted after recovery from the whooping cough.2Y Apnoea in particular is a common cause of cerebral anoxia in whooping cough, and the seriousness of the condition is reflected in the descriptions given by the parents.
Parents-often panicked when the attacks occurred, fearing that the child would not breathe again unless someone 'took urgent action. The father of one child gave mouth to mouth resuscitation on two occasions because he thought his'child was going'to die. Seven ofthe mothers held their children upside down by the-ankles.
Five others said they had beaten the children on the blc, ankd two had put their fingers down their children's throats. Two children had lost consciousness and one, according to the mothie, had been' "semiconscious for several hours." The mother ofanother child said that she was unable to feel the pulse or heart beat during the attack but that the heart beat returned when the child breathedA again; when she panicked, though, she may not have felt for the heart beat properly. The frequency ofattacks varied from six during the whole illness to three to eight attacks daily for 14 days. In only one case was the attack followed by a convulsion. ' Are children with asthma more likely to get apnoea? In a recent study of the respiratory sequelae of whooping cough 85 of 813 children (11%) who had had whooping cough four and a half years earlier suffered from asthma.2 Of these 85, six (7%) had apnoea compared with 21 (3%) of the remaining 728. The proportions differ significantly (p<0-05). This suggests that these children were more susceptible than others to both asthma and apnoea. Was apnoea being mistaken for asthma and vice versa? This is unlikely because the descriptions of apnoea given by the parents were so consistent that it should be regarded as a condition in itself. We have no evidence in this study to show that children of low intelligence had more severe whooping cough. It is now generally accepted that both genetic and environmental factors influence intelligence.2 2' To make an exact comparison between the study children and their parents and siblings would have entailed carrying out a similar range of psychoeducational tests on the whole family. Comparison would not have'been valid across such a wide age range even had such extensive testing been p'racticable.
We conclude that prolonged apnoea or seizures, or both, after an attack of whooping cough greatly increase the risk of later learning difficulties,at school.
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